Pur pose. We conducted a systematic search of published literature, to assess (i) quality of life (QoL) for survivors of a bone tumour compared with the normal population; (ii) QoL implications following amputation, successful or failed limb salvage; (iii) adaptation of young children to amputation compared with older children or adolescents. M ethods. Electronic databases were searched including M edline, PsycLIT and Cinahl covering the years 1982± 1998. Results. We identi® ed 11 studies. Regardless of treatment, physical functioning was poor compared with population norms or healthy siblings. There was less consistent evidence regarding em otional functioning. Seven studies compared functioning in amputees and limb salvage patients. Two reported advantages in physical function for the limb salvage group, one for the amputees and the rest no differences. Evidence about social functioning or marriage is inconclusive, but there are suggestions that amputees report more job discrimination. D iscu ssion. The literature is inconclusive, largely because of m ethodolog ical problem s. These include sm all and non-representative samples, and lack of sensitive and appropriate measures. Speci® c gaps in the literature include very little work concerned with psychological outcomes for children, or for those experiencing failed limb salvage. M ore attention needs to be given to gender differences in em otional response to traumatic surgery. The implications of the results for helping fam ilies balance the merits of differen t treatments are discussed.
Introduction
T he issue of quality of life (Q oL) following treatm ent for cancer has been extensively discussed. QoL m ay be com prom ised by physical com plications associated w ith the initial disease or late side-effects of ch em o th erap y. Q o L m ay a lso be co m pro m ised psycho logically as a result of concerns about relapse or recurrence. Survivors m ay experience prejudice and lim ited work opportunities, restricted social lives or opportunities to travel. For these reasons, there have been a num ber of follow -ups of survivors of can cer generally, and there is n ow con sid erable evidence relating physical and psychological sequaelae to radiotherapy or speci® c chemotherapy protocols. 1 In ad d ition to the d iffi cu lties exper ien ced b y survivors of any cancer, those treated for a bone tum our m ay experience additional threats to Q oL as a co n se q u en ce o f restr icted m o bility, pain an d stigm atization. W ith modern chem otherapy, survival rates app roaching 60± 65% can now be achieved for patients with bone tumours. Som e 85% are offered lim b salvage surgery and the rem ainder am putation. Patients treated with lim b salvage have been shown to have a slightly higher rate of recurrence com pared with those treated by am putation, although overall survival rates are com parab le. 2 However, endoprostheses can fail with the result that many patients m ay ultimately need am putation. T he decision to amputate or treat by lim b salvage is com plex. N either treatment appears to be asso ciated with im proved survival. Am putation m ay be the preferred option for those who w ish to participate in m any physical activities including contact sports (an arti® cial lim b can relatively easily be replaced). In contrast, lim b salvage has the m erit of preserving bo dy im age, and th e d ecisio n to am p utate can subsequently be taken at any time. H owever, salvaged lim bs vary in function, and m any patients are so concerned abou t breakages that they ad opt very sedentary life-styles. W herever it is practically possible to perform lim b salvage, this option is likely to be preferred by clinicians, parents and patients, as well as being less expensive than am putation. 41 Failed lim b salvage procedures are potentially problem atic for patients em otionally, in that they m ay feel that they have failed their surgeon in som e way, that they have contributed personally to the failure through their ow n recklessness or that the years of struggling with the endoprosthesis am ounted to a waste of time. T he concept of Q oL is itself elusive, dism issed by some as`a kind of um brella under w hich are placed many different indexes with whatever the user wants to focus on' . 3 For others, Q oL is a necessar y and im portant outcom e m easure offering a balance to earlier em phases on survival statistics and m orbidity. 4, 5 T here is a general consensus that Q oL is a m u ltid im en s io n a l co n cep t in vo lvin g p hy sical, psychological and social elem ents and m ost m easures include dom ains to assess each of these separately. Critically, Q oL assessments m ust include inform ation from the patient about their own perceptions of the im pact of disease on their lives. T h e d em an d fo r m easu res o f Q o L ha s fa r outweighed the level of sophistication of research or theory in the area:`The term``health-related quality of life'' was coined as a way of justifying the use of currently available m easures under a new banner' . 6 The emphasis is very m uch on functional capacity, re¯ecting the traditional approach to assessin g medical outcom es. T hus the focus is on the ability to perform everyday tasks and ful® l occupational and social roles. This focus on functional capacity ignores the relative meaning of these tasks to the individual, and assu m es there is an optim al level of functioning to w hich everyone asp ires. In order to balance this functional bias, Q oL m easures need to include som e assessm ent of the m eaning of the illness to the individual. S in ce th ere a re cu rren tly few co m p rehen sive measures of health-related QoL available, it is necessar y to rely on proxy m easures, including for exam ple phy sical fun ction (physical sym ptom s and pain); psychological function (anxiety, depression or body im age); and social function (employm ent, social relations or m arital status).
W hile there m ay be disag reem ents about m easurement, the issue of QoL is of central concern both to surgeons, patients and their fam ilies. C linically, a num ber of questions m ay be raised on a daily basis. This paper reports the results of a system atic search of current literature w ith the aim of assessing current ® nd ings relatin g to these qu estion s. In add ition, methodological problem s are identi® ed and recommendations m ade about future work.
Method
The following electronic databases were searched: M edline, PsycL IT and C inahl covering the years 1982± 1998. S earc h ter m s in clu ded Q oL , health status, functional status, well-being, bone tumour, osteosarcom a, Ewing's tumour and were subsequently m odi® ed to m eet the requirem ents of the different databases. We also exam ined reference lists in reviews to identify other relevant studies. A data extraction sheet was used to sum m arize the m ethods and results a n d th e d ata w ere o rga n iz ed u sin g R efe ren ce M anager.
Inclusion and exclusion criteria
G iven the lim ited research in the area, no restrictions were placed on study design or m ethods. H owever, papers which reported clinical or sur vival data but no psychological data were excluded, as were descriptive accounts which did not include any statistical analyses. 
Results
We iden ti® ed 11 studies, w hich are su m m arized chronologically in Table 1. 18± 39 M ethods included com parisons with population norms, well siblings, and between amputee and limb salvage patients. Eight of the 11 studies m ade com parisons against population norm s. Both N icholson et al. 9 and N ovakovic et al. 15 included a com pariso n group of well siblings.
O n e stu d y o n ly in vo lve d co m p ar iso n s b etw een am putees and lim b salvage groups.
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H ow does treatm ent for a bone tum our affect an individual's Q oL?
Physical functioning
Seven studies attempted to m easure physical function.T hree used the Functional Evaluation of Reconstructive Procedures, 32 and m easures by Butter® eld (unpublish ed) or Karnofsk y 36 were each used in one study. The physic al function subscale of the SF36 35 was used in one study. 14 Three studies assessed function on the basis of a sem i-structured interview. 10, 11, 14 In the two studies where com parisons were m ade with healthy siblings, 9, 15 there was evidence that the bone tum our group had poorer physic al function than the ir siblin gs. T hese includ ed speci® c d ifficu lties clim bing stairs, 9 and`general physical function' . x Emotional well-being: 3 patients were receiving psychiatric support
x M ost believed that the prosthesis had given them opportunity for a better Q oL than amputation x SF36: scores were below population norms; scores on subscales measuring physical functioning, physical role performance, pain, general health, and social functioning were signi® cantly different to norms 
Six stud ies re ported com pariso ns between those treated by am putation and limb salvage. Physical function was reported to be better for the lim b salvage group in two studies 12, 17 and for the am putee group in one study. 13 T hree studies reported no differences. 7, 8, 10 It should be noted that in two studies where a speci® c m easure of function was used, 12, 17 differences in favou r of the lim b salvage group were reported. A generic instrum ent m ay lack sensitivity in this context 7 and a non-standardized interview 13 
Psychological functioning
Feld er-P u ig e t a l. 16 
Social functioning
N icholson et al. 9 found no differences in em ploym en t, in com e or m arriag e rates com pared w ith sib lin gs, b u t a ll o th er rep o r ts h ave su g geste d com prom ised levels of functioning. Felder-Puig et al. 16 repor ted that patients were less likely to be m arried, m ore likely to rem ain at hom e w ith parents and less likely to have children compared with population statistics. Level of education was sim ilar and incom es appeared com parable. However, 18% had given up work because of treatment, and 27% had changed their type of work. M any reported difficulties in obtaining work. Lower level of education, single m arital status or lower salar y were all seen to be a consequence of the illness. 12 N ovakovic 15 did ® nd that survivors (all Ewing's sarcom a) were less likely to be em ployed full-tim e, to be m arried or have children com pared with siblings. However, there were no differences in insurance status or use of health care services. Am putees felt they were not em ployed at an appropriate level and they were also less likely to have m arried. 13 Amputees reported m ore work and social discrim ination com pared with the lim b salvage group and were m ore socially isolated. 10 Four teen of 40 lim b salvage patients interviewed about their work felt that they were lim ited because of their illness, m ostly those with lower education levels.
14 M ost stu d ies d o n o t pro vid e d ata o n sexu al functioning. H owever, limb salvage patients reported greater reduction in sexual functioning compared with amputees. 7 Patients treated in the early days of limb salvage surgery often had stiff, painful or oedem atous legs following radiotherapy, and direct com pariso ns with m ore recently treated patients should therefore not be attem pted. M ost patients had sexual experien ce a n d rep o r ted fe w p ro b lem s w ith sex u al functioning, but am putees were less likely than lim b salvage patients to have m arried. 13 Clearly, these data are difficult to collect and self-rep orts m ay be subject to considerable bias. G reenberg et al. 11 noted that patients generally were positive abou t lim b salvag e com pared w ith amputation, and were prepared to spend m onths in hospital to try to preser ve the lim b. Patients were asked to rate on a ® ve-point scale w hether the effor ts to save the lim b had been worthw hile. M ean ratings were highest (indicating m ost positive ratings) for those w ith successful lim b salvage (4.5) com pared with those treated by am putation (3.6). T hose who experienced am putation following failed lim b salvage still rated the effor t as ver y worthw hile (4.0). O nly one of the patients actively chose am putation. Satisfactio n rem ain ed h igh , even am o n g tho se w h o exp er ien c ed a m p u tatio n fo llo w in g a f ailed prosthesis. 11 T here was som e opinion that the time involved in trying to save the lim b allowed the patient the opportunity to adjust to the possib ility of lim b loss. In the context of failed lim b salvage, patients also reported that it was im portant to m ake known their own preferences about am putation to surgeons, given the previous investm ent in preserving the lim b.
Som e recognized that surgeons were disap pointed and therefore often reluctant to accept the need for am putation.
Do young children adapt better to am putation than older children or adolescents?
T he assertion that young children ad apt qu ickly follow ing am putation is com m on, but we found little evidence to support the view.`C hildren quickly adapt to detachable lim b prosthesis and after a short period acquire rem arkab le agility' (Pinkerton et al. 42 , p.176). Circum stantial evidence is provided by Felder-P uig et al. 16 , w ho reported that patients diag nosed as children (<13 years) had fewer problems (as m easured by social well-being) than those diagnosed during adolescence (14± 19 years). There was no com parable effect on their m easure of physic al well-being. N o other paper addresses this question.
Com m ent on m ethods
T h ere a re su bstan tial d iffic u lties in her en t in conducting psychosocial work in this area. It is not possible to conduct random ized control trials and assign patients to different treatm ent options. Sim ple comparisons between populations differing in surgery are in evitably co nfo u n d ed b y d em o graph ic and clin ical d ifferen ces between gro u ps, w hich m ay contribute m ore to psychological difficulties than the surgical procedures of prim ar y interest. In addition, conventional questionnaires do not adequately address the question. T he development of app ropriate and sensitive Q oL measures for use with this population has to be a priority for future work. W ithout such m easures, we lack tools to assess Q oL outcom es between patients experiencing different treatments, or to evaluate any intervention prog ram m es. G iven the above reservations, lim itations in the current literature need to be recognized, som e of which make interpretation of the ® ndings problematic. First, participation rates are often less than ideal, and this raises questions about the representativeness of ® ndings. This partly re¯ects relatively poor survival rates, particularly in E wing's tumour, and partly also difficulties in tracing patients w ho have not been involved in active follow-up m any years after treatment. The possibility that those who are traced and are willing to be involved have a different quality of life from those who cannot be located or do not respo n d to req u ests to p ar ticip ate, h as to b e considered.
Probab ly for a num ber of reasons, inform ation about non-p ar ticipants is rarely reported. W here it is availab le, it is invariably lim ited to brief dem ographic or clinical variables. Based on such analyses, m ost studies report no differences between those w ho do and do not participate. 8, 13, 14 These com pariso ns are based on ver y broad and often initial indicators of dise ase an d m ay n ot re¯ect on go ing differences between the groups. M ore detailed follow-up was provided by Felder-P uig et al. 16 who followed up non-par ticipants by phone. N on-p articipants were m o re likely to b e am p u tees, m o re likely to b e depressed and had higher rates of substance abuse and legal difficulties com pared with par ticipants. In a separate study, refusers were m ore likely to be m ale, and to have higher rates of substance abuse and legal difficulties.
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Secon d, a relatively large nu m ber of outcom e m easures have been em ployed. This re¯ects the lack of suitable instrum ents available and failure to specify the ways in which quality of life m ay be m ost likely to be affe cted. We need to m ove away from functionally orientated Q oL m easures and adopt m ore process orientated m odels that recognize patients' capacity to re-app raise their lives and adjust to their current health status. 43 Third, very few studies have included patients w ho were treated as children. Patients were diagnosed before 20, 21 and 24 years, respectively; 7,9,13 the sam ple described by Eiser et al. 14 included those diagnosed between 5 and 14 years. In other cases, som e young children and adolescents were included, but for analyses all patients regardless of age are treated as a hom ogenous group. T his approach fails to address the speci® c issues that affect children and young people follow ing am putation or lim b salvage surger y, relating especially to issues of body im age, m obility and social functioning. It is one thing to lose a leg when established in work and social relationship s; it is quite another if, as an adolescent, it is necessar y to negotiate entrance to the adult world of work and social relationships. O utcome measures need to be sensitive to developm ental issues. T here is no em pirical evidence regarding how well children adapt to surgery com pared with adults. T his kind of work is n eed ed in o rd er to d evelo p a pp ro p r iate phy siotherapy and prom ote successful adaptation am ong younger patients and to consider ser vice needs for child patients. Fourth, in m any studies sam ple sizes m ay be so sm all that it would not be possible to identify differences between groups. Calculations of effect sizes should be made so that it is clear that the sam ple is large enough that any underlying differences can be identi® ed. In practice, it m ay be naive to m ake sim ple com parisons between groups who have been treated by lim b salvage or am putation. Lim b salvage is invariably the treatm ent of choice. This m eans that patients who experience an am putation are likely to have ® rst experienced m any m onths of lim b salvage. Acceptance of the am putation m ay therefore be in¯uenced by their experiences of lim b salvage. W hile som e m ay interpret the need for am putation as a failure, others will see the earlier experience as essential in aiding adjustm ent to the loss of the lim b. We would like to reiterate our point that these are not questions that ca n b e an sw ered b y ad o ptin g co n ven tio n al experim ental designs, but require m ore innovative research m ethods.
F ifth, there are difficulties in interpreting studies involving comparisons of employm ent, education level or m arital status, either against population statistics or between treatm ent groups. To any independent observer, it is clear that treatm ent for a bone tum our, whether am putation or lim b salvage, will adversely affe ct an individual's job prospects. The fact that m ore patients do not report difficulties is a testam ent to individual resilience and adaptability.
Conclusions
G iven the im portance of failed lim b salvage, it is disap pointing that so little research has attempted to determ ine the psychological impact for the patient and the fam ily of failed lim b salvage surger y. Above all, this situation requires a good relationship between patient and surgeon, in that both m ust recognize the need to m axim ize function and im prove Q oL . E ither the patient or the surgeon m ay assum e that the other has m ore invested in preserving the lim b. C onsiderable sensitivity is called for in opening negotiations about am putation, and patients m ay need considerable time to adjust to the need for fur ther surgery. Contrary to the view that failed lim b salvage will be emotionally problem atic for patients, it m ay well be that better outcom es are possib le where patients feel they m ade their own decision about surger y.
O ne of the m erits of the system atic review m ethod is the identi® cation of gaps in the available literature. We include in this the lack of attention to the specific needs of children and their fam ilies. W ithout exception, research has included patients several years after their initial treatment. This m eans that we know little about the initial im pact of treatment, how patients adapt to their surgery or how they set about rebuilding their lives. Although there is an assu m ption that surger y affe cts body im age, this has rarely been system atically assesse d.
T he issue of gender differences in adjustm ent has not been consistently addressed. Any chronic illness w h ich lim its physical fu n ction in g m ay b e m o re detrim ental for the Q oL of m ales com pared w ith fem ales, since it m ight com prom ise opportunities for m ales to participate in team spor ts and aggressive gam es. In contrast, am putation may have a worse im pact on Q oL for females, assu m ing the greater im portance of body im age. 13, 14 Females appeared to adjust as well as m ales, though they also reported m ore anxiety about how others m ight react to them. 13 D ifferences are not likely to be lim ited to participation in sports, but com prehensive assessm ent m ust include a range of activities, including social as well as physical functioning. In contemporar y society and our world of`equal opportunities' , we perhaps should not expect that the consequences of surgery w ill be related to gender. However, we need to acknowledge a substantial body of literature that attests to differences in emotional response and coping preferences following traum a between m en and wom en. 44 T he results of follow-up studies describing the Q oL of sur vivors of bone tum ours is potentially useful in order to provide inform ation to new patients about likely outcom es and the expected course of events. For surgeons, such inform ation m ay aid decision m aking and guide the way in which inform ation is prese nted to new patien ts. T he papers re view ed pr ov id e so m e in fo r m atio n ab o u t p hy sic al a n d psychological outcomes, although interpretation needs to be m ade with care, given the m ethodological lim itations inherent in m ost work.
Although there have been a num ber of studies desc ribin g physic al an d psyc ho lo gical o u tco m es following treatm ent for bone tum our, little is directly relevant to clinical issues. Q uestions such as how well young children adapt following am putation, or the eff ects o f failed lim b salvage h ave b een r arely ad d ressed . It is im p o r tan t th at fu tu re research addresses these issues directly rather than focus generally on psychosocial adjustm ent.
